We examined the topographic cell affinity of different types of hormone-producing cells in the rat anterior pituitary gland. Pituitaries were removed from 8-10 week-old male SD rats, and were fixed in sublimate-formalin. The 40 mm sections were obtained with a Microslicer, then double-immunolabeled (FITC and TexasRed methods) using antibodies against five types of pituitary hormones. Topographic affinity was examined threedimensionally using a confocal microscope, and was expressed as attachment rate. Statistical analysis revealed that the different types of hormoneproducing cells did not exist at random locations in the gland, but rather showed specific topographic affinities. The following pairs of cell types were observed to have significantly high affinities: LH and PRL cells, ACTH and GH cells, and TSH and GH cells. In contrast, the following pairs of cell types were observed to have no significant affinities: GH and PRL cells, ACTH and LH cells, TSH and LH cells, ACTH and TSH cells, and cells of the same type. These specific topographic affinities between different types of anterior pituitary cells may be intimately related to cell-to-cell interactions in the gland.
I. Introduction
Rat anterior pituitary glands contain five types of hormone-producing cells (GH, PRL, ACTH, TSH and LH/FSH cells) and a non-hormone-producing cell (the folliculostellate cell). These different cell types have distinctive topographic cell affinities. For instance, GH and ACTH cells tend to appear in clumps, and large oval gonadotropic cells (LH/FSH cells) are most frequently found surrounded by cup-shaped or clustered PRL cells [9, 11] . Topographic cell affinity between PRL and LH/FSH cells in cell culture has also been reported [3] . Folliculo-stellate cells come together to form a meshwork of cytoplasmic processes, or arrange themselves in clusters surrounding follicular lamina [14, 15] . However, most of these observations involved small areas, and were made by electron microscopy. We used a method of double immunofluorescence staining with a confocal laser microscope (in order to observe larger areas) to examine topographic cell affinities of the hormoneproducing cells in rat anterior pituitary glands. We expressed the results of our cell affinity tests numerically, with statistical analysis.
II. Materials and Methods

Tissue preparation
Male Sprague Dawley rats were purchased from Japan SLC, Inc. (Shizuoka, Japan). The animals were sacrificed at 8-10 weeks of age (weighing 250-300 g). Under anesthesia (pentobarbital sodium), anterior pituitary glands were removed after perfusion of Ca 2+ -free, Mg 2+ -free Hank's solution. The tissues were fixed with sublimate-formalin for 6 hr at 4°C, then washed overnight with 0.05 M cacodyrate buffer containing 2% sucrose (pH 7.2). Glands were sliced with a Microslicer (D.S.K., Kyoto, Japan), and 40 mm frontal sections from the central portion of the tissue were used for the study. pH 7.2) containing 1% Triton-X 100 (Sigma Chemical Co., MO, USA), the sections were immersed overnight in blocking solution (3% casein, 1% bovine serum albumin, in PBS) at 37°C to reduce non-specific immunoreaction. They were then incubated with primary antibodies for 3 days at 37°C. After washing with PBS containing 1% Triton-X 100, the sections were incubated with secondary antibodies for 3 days at 37°C, followed by washing with PBS containing 1% Triton-X 100. These sections were immunostained with other antibodies against hormones by the same method as described above.
Antibodies
All antibodies were diluted with PBS containing 0.1% NaN 3 . The primary antibodies used were as follows: rabbit polyclonal antibodies against rat GH (diluted to 1:1,600), rat PRL (1:100) and ovine LHb subunit (1:3,200) were donated by Dr. Wakabayashi (Biosignal Research Center Inst., Gunma Univ., Gunma, Japan). Rabbit polyclonal antibody against porcine ACTH 1-39 (1:1,600) was donated by Dr. Nakamura (Hokkaido Univ., Hokkaido, Japan). Rabbit polyclonal antibody against rat TSHb subunit (1:3,200) and guinea pig antibody against rat LHb subunit (1:1,000) were obtained from the National Institutes of Health (Maryland, ACTH cells (green) and TSH cells (red) were rarely observed in close proximity to each other. Neither ACTH-ACTH nor TSH-TSH cell attachment was observed.´270. ACTH cells (red) and LH cells (green) were generally positioned far apart from each other, and ACTH-ACTH, ACTH-LH and LH-LH cell attachment were rarely observed.´270. Red (1:50) (purchased from ICN Pharmaceuticals Inc., Ohio, USA); antibody against guinea pig IgG, labeled with fluorescein isothyocyanate (FITC, 1:100), and mouse IgG labeled with FITC (1:100) (both purchased from EY Laboratories Inc, CA, USA). No cross-reactions in double immunostaining were confirmed in preliminary experiments.
Observation of cell affinity
Double-immunostained sections were mounted with Vectashield (Vector Laboratories, Inc., CA, USA) and observed with a confocal laser microscope (Yokogawa Electric Corporation, Tokyo, Japan). Observations were mainly made of the lateral zone of each frontal section. Samples were imaged three-dimensionally with the aid of a computer program (MetaMorph, Universal Imaging Corporation, PA, USA), at intervals of 2 mm.
Numerical expression of cell affinity
Sections were imaged three-dimensionally, and these three-dimensional images were extracted to create twodimensional images. Circumferences of cells and lengths of attaching lines to the other immunostained cells were marked and measured. Cell affinity was defined as the rate of cell attachment to other immunostained cells.
Cell attachment rate (%)=length of attaching line/ circumference of the cell´100 Cell profile rate was calculated by dividing the circumference of each type of hormone-producing cell by that of all cells.
Data analysis
For statistical analysis, 3 animals were used, and profiles of immunostained GH (n=802), PRL (n=1022), ACTH (n=479), TSH (n=303) and LH cells (n=551) were measured in 10-41 images (110 mm´150 mm/image). Cell affinities of the different types of hormone-producing cells were represented as diagrams of means±S.E.M., and were analyzed with a non-parametric Kruskal-Wallis test, followed by a test for outliers.
III. Results
Microscopic observation of topographic cell affinity
Using a confocal laser microscope, we created images that we used to assess interactions between hormone-producing cells. An example of the confocal microscopic images thus obtained is shown in Fig. 1. Figures 2-7 are twodimensional images that illustrate topographic cell affinities between the various types of hormone-producing cells. Confocal laser microscopy can be used to clearly visualize the topographic affinity patterns between types of cells. The marked topographic cell affinity between PRL cells and LH cells can be seen in Fig. 1 , three-dimensionally in image A and two-dimensionally in images B and C. The following is a summary of our results, based on observations of hundreds of cells of each cell type. GH cells, which were the majority of pituitary cells and mainly had spherical or oval cell shapes, tended to attach themselves to other GH cells. The type of attachment exhibited by GH cells in this study can be divided into two types: one is 'enveloped' type (enveloped by PRL or ACTH cells), and the other is side-by-side type (with GH, TSH or LH cells). PRL cells, which were as abundant as GH cells and had polygonal or irregular cell shapes, were observed attached to several cell types. PRL cells attached to cells of other types sometimes appeared to be cupshaped; 2 or 3 PRL cells entirely and three dimensionally enclosed a large oval LH cell or polygonal TSH cell as shown in Figs. 1 and 2 . ACTH and TSH cells, both of which were in the minority in the pituitary gland, exhibited similar patterns of topographic cell affinity. Although ACTH cells and TSH cells differ in cell shape, both types were frequently observed attached to GH cells (Figs. 3, 4) . In particular, ACTH cells were often observed enveloping GH cells with their cell projections. TSH cells were sometimes observed attached to PRL cells (Fig. 2) . The topographic cell affinities between the following cells appeared to be low: ACTH-ACTH, ACTH-TSH, ACTH-LH, TSH-TSH and TSH-LH cells (Figs. 5-7) . LH cells, which are relatively large and usually oval-shaped, were mainly observed associated with GH or PRL cells. The attachment between LH cells and GH cells was side-by-side (data not shown), whereas most of the LH cells were enveloped by 2 or 3 PRL cells (Fig. 1) .
Statistical analysis of topographic cell affinity
Cell profile rates of the various hormone-producing cell types are shown numerically in Fig. 8 . The highest cell profile rate was for GH cells (67.9%), and the next highest was for PRL cells (19.8%, less than 1/3 of the rate for GH cells). The cell profile rates of ACTH, TSH and LH cells (5.2%, 2.9% and 4.3%, respectively) ranged from 1/13 to 1/23 of the rate for GH cells. Cell attachment rates between the different types of hormone-producing cells were measured and analyzed with the aid of a computer program (Figs. 9-13) . The results of the statistical analyses are described in the figure legends.
IV. Discussion
The existence of topographic cell affinity (i.e., specific cell attachment) between five types of hormone-producing cells in the rat anterior pituitary has previously been reported. There have been reports of topographic cell affinity between heterotypical and homotypical hormone-producing cells. Nakane [9] observed ACTH cells enveloping oval and pyramidal GH cells, and 'cup-shaped' PRL cells surrounding LH cells. Allaerts et al. [3] also observed 'cup-shaped' PRL cells in cell culture, and they reported that approximately 70% of these cells were attached to gonadotrophs. Nakane [9] reported no attachment between TSH and ACTH cells, even though the TSH and ACTH cells they observed showed almost the same localization in the pituitary. Yashiro et al. [17] observed the formation of clusters of TSH cells in young rats, and Nogami et al. [11] described a tendency toward cluster formation by some PRL cells. In addition, it is well known that folliculo-stellate cells gather together to form clusters with the folliculo-lumen in its center. These reports clearly show that these cells are not randomly arranged in the pituitary. However, the previous reports are of limited value, because they involved observation of restricted areas using electron microscopes, and because they did not address the topographic dispositions of all types of hormone-producing pituitary cells. Furthermore, in none of these reports were the results analyzed statistically. In this study, we observed the three-dimensional topographic affinities of all the hormone-producing cells over a relatively wide area, using double immunostaining with antibodies against five types of hormones and observing the cells with a confocal laser microscope, as shown in Fig. 1 . These methods allowed for sensitive measurement of specific cell-to-cell affinities. Another advancement was the use of an index of cell attachment rate to express cell-to-cell affinities numerically, enabling us to analyze the results statistically.
Through observations of various types of hormoneproducing cells labeled with FITC or TexasRed, we detected two types of cell-to-cell interactions. One was an association in which there were frequent attachments, as in interactions between PRL cells and LH cells (Fig. 1) . The other was an association in which there were few attachments, as in interactions among ACTH cells, TSH cells and LH cells (Figs. 5-7) .
The cell attachment rate is a function of cell number and shape. Cell types present in greater numbers or which have complicated shapes are likely to have higher cell attachment rates, regardless of the target cell type. The cell profile rates of the different types of hormone-producing cells varied widely: high in GH cells, intermediate in PRL cells, and low in ACTH, TSH and LH cells (Fig. 8) .
Cell attachment rate should vary not only with the number and shape of cells but also with the degree of specificity of their topographic cell affinities. If none of these cells have specific affinities, each type of cell should have only one unvarying cell attachment rate. On this assumption, we can directly examine for the presence or absence of specific affinities in particular combinations of cell types, using statistical methods. As shown in Figs. 9-13, there were statistically significant differences between the cell attachment rates (p<0.01, by the Kruskal-Wallis test). These results clearly suggest that specific affinities exist between particular cell types. The analysis also showed that there are both positive and negative relations between cell types. The attachment rates between TSH cells and GH cells (Fig. 9) , LH cells and PRL cells (Figs. 10, 13 ), GH cells and ACTH cells (Fig. 11) , PRL cells and TSH cells (Fig. 12) were significantly high. These topographic cell affinities can be considered to be specific and positive. In contrast, the cell attachment rate between GH cells and LH cells (Fig. 9 ) was significantly low, and the rates between GH cells and PRL cells, among ACTH, TSH and LH cells, and between homotypic cells showed similar tendencies. These topographic cell affinities can be considered to be specific and negative. In this study, we found that the attachment rate of TSH for GH cells (Fig.  9) was high, while that of GH for TSH cells (Fig. 12) was low. This apparent discrepancy can be explained by assuming that GH and TSH cells have different affinities for other pituitary components, including hormone-producing cells.
High topographic affinities of PRL for LH cells [1, 9] and of GH for ACTH cells [9] , which have been observed in previous electron microscopic examinations, were widely confirmed to be specific in the present study. Furthermore, the specific high affinities of PRL cells for TSH cells and GH cells for LH cells, and the low affinities of GH and PRL cells for PRL cells mentioned above have been reported for the first time in this study, to the best of our knowledge. One interesting possibility is that of relationships between these specific cell-to-cell affinities and ontogeny of these cells. However, we could find no such relationships between our findings and a report by Drouin et al. [6] , in which they studied development of pituitary cells by analyzing homeodomain transcription factors. This might suggest that the hormone-producing cells in the gland migrate after the differentiation.
Cell-to-cell interactions in rat anterior pituitary glands by means of gap junctions and 'paracrine' action have received much attention, and there have been many reports of investigations into these interactions. Investigations with the electron microscope have revealed the existence of gap junctions between gonadotropes and other cells [7] , between folliculo-stellate cells [10, 14, 15] , and between gonadotrophs and mammotrophs in developing rats [16] . The high topographic affinity shown between LH and PRL cells in this study (Figs. 1, 10, 13) is consistent with the idea of cell-tocell interactions by means of gap junctions. Many kinds of bioactive proteins other than the classic types of hormones have been found in the pituitary gland with immunohistochemical methods; e.g., angiotensin II [5, 13] , PACAP [8] and galanin [4, 12] . These peptides are attractive candidates for paracrine factors regulating hormone secretion. There is very likely an important relationship between paracrine interactions and the topographic affinity of the hormoneproducing cells. For example, Abraham et al. [1, 2] showed that the PRL mRNA levels were different in PRL cells which were attaching to PRL and non-PRL cells in culture. The specificity of topographic cell affinity shown in the present study may have an important role in cell-to-cell interactions in this respect.
In conclusion, it is shown that various types of hormone-producing cells in rat anterior pituitary glands exist not randomly but systematically, with some special topographic affinity. Further investigations on all types of cells existing in the glands, including endothelial cells, pericytes and folliculo-stellate cells, should give us more information on cell-to-cell interactions in the pituitary gland.
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